Stir bar sorptive extraction is an innovative sample extraction technique that can be used to process blood, urine, and tissue samples for routine drug screening in the forensic toxicology laboratory. The Gerstel Twister TM desorption unit (TDU) system is a multifunctional desorption unit capable of determining the presence of analytes from liquid samples after extraction using the Twister stir bar. The TDU desorption system was evaluated for use in combination with gas chromatography-mass spectrometry (GC-MS) for determining the presence of basic drugs in forensic samples. Human blood fortified with known quantities of drugs was used to evaluate sample diluents, extraction time, injection parameters and recovery. Case specimens containing drugs typically encountered in forensic samples were evaluated using the desorption method and compared with a liquid-liquid extraction method followed by GC-MS analysis. This evaluation demonstrated that the TDU desorptive method worked equally as well as the routine extraction method for the detection of basic drugs in screening forensic samples. In addition, the described technique avoids the use of extraction solvents and the subsequent centrifugation, transfer, and concentration steps required of liquid-liquid and solid-phase extraction methods.
Introduction
was specially designed and optimized for use with the Twister SBSE. The use of PDMS-coated stir bars in combination with state of the art thermal desorption instrumentation and GC-MS avoids the use of solvents for extraction, reduces sample preparation time, and minimizes equipment needed for sample preparation.
Previous evaluations have included its performance in detecting specific drugs in urine, water, saliva, and bovine serum, along with analysis of pesticides in wine, contamination in lakes, and impurities and/or preservatives in food and beverage products (1) (2) (3) (4) (5) . SBSE has also been used in combination with in-situ derivatization to enhance the recovery and chromatographic analysis of polar solutes in biological fluids by GC-MS (6) . The purpose of this evaluation was to examine the usefulness of Twister bar extraction and thermal desorption for basic drug screening of forensic samples by GC-MS in a forensic toxicology laboratory. The intent of this contribution was also to provide a platform for future investigations involving screening and/or specific target analysis by means of Twister bar extraction.
This study was designed to investigate the necessary conditions for isolation of basic drugs using SBSE. The scope and feasibility of using this method were evaluated in the routine identification of these drugs in various biological samples.
The gas chromatographic-mass spectrometric (GC-MS) analysis of basic drugs in biological samples is normally performed after isolation of the drug from the biological matrix. Most routine sample preparation methods are based on liquid-liquid extraction, solid-phase extraction, or protein precipitation. These methods require the use of organic solvents, centrifuges, rotators, and concentrators.
The stir bar sorptive extraction method (SBSE) was designed to extract organic compounds from any aqueous matrix. Commercially available from Gerstel, Twister is a small magnetic stirring rod encased in glass and coated with a layer of polydimethylsiloxane (PDMS). The Twister desorption unit (TDU)
Preparation of buffer
To prepare 1 L of carbonate/bicarbonate buffer, 100 g of sodium carbonate and 50 g of sodium bicarbonate were added to 1 L of deionized water. The pH was 9.6.
Preparation of standards
The methanolic stock standards were appropriately diluted with methanol to prepare working drug standards at a concentration of 20 mg/L. The working standards were then used to spike blood samples to the desired concentrations. The internal standard, SKF, was prepared by accurately weighing the salt and diluting with methanol to 1 mg/mL for the stock standard. The working internal standard solution was then prepared by dilution of the stock to a concentration of 100 mg/L. into a 20-mL GC headspace vial. (A 1:3 dilution was used for urine and bile. Tissue homogenates were prepared at a 1:4 dilution, and gastric contents were diluted 1:100 or 1:1000. All dilutions were made with deionized water.) Exactly 50 IJL of the 100 mg/L internal standard solution was added, and a 10-mm stir bar (Twister, Gerstel) coated with 24 t~L PDMS was dropped into the vial. The remaining headspace vial volume was filled with the carbonate/bicarbonate buffer. The vial was sealed with a rubber stopper and crimp seal. The vial was set on top of a standard laboratory magnetic stir plate, positioned in the center, and allowed to stir at medium to high speed for approximately 16 h. The Twister bar was then removed with a pair of forceps, rinsed with deionized water, blotted dry with a Kimwipe TM, and inserted into a clean TDU liner.
Sample size and extraction time
A 3-mL sample size was chosen for use in the Twister extraction because this was the sample amount routinely used in our laboratory's liquid-liquid basic extraction method followed by dual column GC-nitrogen-phosphorus detection (NPD) or GC-MS analysis. A 16-h (overnight) extraction time was chosen to insure complete equilibrium was reached for all drugs during the SBSE extraction.
Diluent selection and instrument conditions
The diluent was chosen after comparison of drug fortified blood samples that were extracted overnight using the Twister extraction and various diluents. Deionized water, saline, 30% NaG, and pH 9.6 bicarbonate/carbonate buffer were all evaluated as diluents by combining them separately with a 3-mL aliquot of blood spiked with 25 different basic drugs each at a concentration of 1 mg/L. All 25 drugs were detectable using the pH 9.6 bicarbonate/carbonate buffer, and therefore this diluent was chosen for the evaluation. The instrument conditions for the TDU and CIS were determined after review of recommended conditions in the Gerstel TDU Operations Manual. The conditions for cleaning and conditioning of used Twister bars were recommendations noted in the Twister bar package insert.
Sample preparations for Twister extraction
Three milliliters of blood, urine, bile, vitreous, gastric contents, or tissue homogenate was pipetted
Sample preparations for liquid-liquid extraction
A 3-mL aliquot of blood, urine, bile, or tissue homogenate was alkalized with 2 mL of the pH 9.6 carbonate/bicarbonate buffer in a 16 x 100-ram screw-capped tube. Exactly 50 taL of the 100 mg/L internal standard solution was added to each sample. The samples were vortex mixed briefly, and 7 mL of the extraction solvent, a 50:50 mixture of hexane and chlorobutane, was added to each of the samples. The extracts were rotated for approximately 15 min and then centrifuged at 3000 rpm. The upper solvent layer was then transferred to 16 x 100-mm culture tubes. One drop of 0.1% methanolic HC1 was added to each, and the solvent was evaporated at 40~ with a steady stream of nitrogen. Dried extracts were reconstituted with 150 laL of ethyl acetate and transferred to 2-mL ALS vials with 300-1aL inserts. The vials were crimp capped and stored at room temperature until time of injection. 
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Materials and Methods

Instrumentation
Sample analysis was performed on two Agilent 6890 Gas Chromatographs both Deionized H20 interfaced with an Agilent 5973 mass selective detector. For the analysis of Twister samples, the split/splitless inlet of a GC-MS was replaced with the Gerstel cooled injection system (CIS) and the Gerstel manual thermal desorption system (TDS), which mounts directly onto the CIS.
The GC was equipped with a Rtx| MS fused silica capillary column (25 m x 0.20-mm i.d. x 0.33 lJm) with a 5-m integrated guard column (Integra-Guard) from Restek Corporation. The initial oven temperature was held at 70~ for 1.0 min and then increased to 310~ at 25~ with a finat temperature hold of 19.4 min. Ultra pure helium at a flow rate of 1.3 mL/min was used as the carrier gas. The CIS inlet was operated in the solvent vent mode. The TDU desorption flow was 50.0 mL/min, and the vent pressure was set to 23.6 psi. The purge flow was set at 26.0 mL/min (20:1 split ratio), and the purge time was set at 0.01 min. A single baffled general purpose liner packed with deactivated glass wool was used in the CIS inlet (Gerstel part# 012742-010-00). Low pressure liquid nitrogen was used for cryo-cooling. The CIS and TDU parameters were set using the GersteI software installed on the GC-MS computer system, which consisted of a Hewlett-Packard computer with Windows NT and Agilent Chemstation software, The initial inlet temperature was set to -120~ with an initial time of 0.2 min. The CIS heating rate was set to 12.0~ to a final temperature of 280~ for a final time of 5 min. The total run time was set to 30 rain. The TDU was operated in splitless mode, and the sample mode was set to sample remove. The initial temperature was set to 30~ with an initial time of 0.0 min and a delay time of 3.00 rain. The transfer temperature was set to 275~ The first rate was 60~ with a final temperature of 270~ and a final time of 5.0 min. Breathing quality air at an operating pressure of 80 psi was used for the pneumatic closing mechanism of the TDU. The MS was operated in the EI mode with the electron voltage set at autotune value and full scan monitoring from 40 to 550 amu. For the analysis of liquid-liquid extractions, the second GC-MS was operated with the usual Agilent split/splitless injector and the 7673 ALS. The injection volume was 2 IJL. The inlet temperature was set at 250~ A splitless sample mode was used for sample injections. The column used, parameters for oven temperature program, column flow, and MS conditions were the same as those described for the TDU application. The chemstation data analysis software was used for peak integration and library searches. 
GC-MS analysis of Twister bars
Twister bars from extracted samples were stored in labeled 16 • 100-mm culture tubes until analysis. Just prior to analysis, each bar was inserted into a single baffle thermal desorption tube and sealed with a metal twister transportation adapter. All desorptions were done manually. A data file was created along with the appropriate sample information, and prep run was initiated using the GC keypad when prompted. Cryo-cooling was initiated by using the computer's mouse to click on "To Ready" in the Gerstel operating software. The TDU desorption tube containing the Twister bar to be analyzed was then inserted into the TDU for analysis. The thermal desorption was initiated by the software once the initial temperatures reached set points and equilibration times. Data files were reviewed using the standard data analysis menu of the chemstation software. The auto integration function was used along with the library search routine to search for drugs in three libraries. The libraries searched included a user drug library, Pfleger-Weber library of drugs, poisons, and pesticides, and the NIST 98 library. Threshold values were lowered to detect peaks not initially integrated with auto-integration. Ion searches consisting of a main ion and two common ions were done when necessary to find peaks of interest.
Twister bar conditioning
Twister bars were reused after thermal desorption. Conditioning of the Twister bars was necessary prior to them being re-used for analysis. Stir bars previously used were soaked overnight in a 50:50 mixture of dichloromethane and methanol. These bars were removed from the solvent and air dried for 1-2 h. To heat condition the Twister bars, a 1/8-in. copper gas line was plumbed into the oven of a 5890 HewlettPackard GC. A 88 swagelok tee fitting was attached using a 88 to 88 union. One side of the tee was plug capped, and the other was fitted with a 88 single taper inlet liner with no glass wool. This was installed using a graphite-vespel ferrule and a swagelok nut. Up to four Twister bars were conditioned inside the inlet liner at 300~ with a flow of standard purity helium gas of at least 50 mL/min. Twister bars were conditioned in this manner for a minimum of 1 h. Gas flows were checked prior to each conditioning using a soap film flow meter.
Results and Discussion
The purpose of this evaluation was to determine the usefulness of the Twister bar and the TDU in the routine analysis of biological samples typically analyzed in a forensic toxicology laboratory
The TDU allows for desorbing in the split or splitless mode into the CIS which acts as a cryotrap for focusing and concentrating the analytes prior to their transfer to the capillary column. The analyte transfer from the CIS to the column can also be performed in the split or splitless mode. In this study, desorption was done in the splitless mode and operation using the TDU split mode was not evaluated. However, splits as well as splitless injection parameters were evaluated for the CIS. Initially, a splitless CIS injection mode was tried for sample extractions. Grossly overloaded peaks were observed with significant carry over of some drugs in blank injections made subsequent to the splitless injections. A 4:1 split mode was next chosen for injections; however, though peak overload diminished, carryover in succeeding blank injections remained detectable. A 20:1 split ratio worked well and was chosen for injection of standards and sample extracts. This split ratio gave excellent peak shape and good analyte responses without any notable carry over. Because the method developed was intended as a general drug screen, a cryo temperature of -120~ was adopted for use without evaluation of other temperatures. Routine CIS inlet maintenance included changing the liner every few weeks and solvent cleaning the inlet body as needed. This maintenance also contributed to eliminating carry over. Twister transportation adaptors and glass desorption liners were also solvent cleaned occasionally to eliminate the possibility of contamination. Each day of analysis an autotune was done to check for readiness of the GC-MS. A blank run was performed by desorbing an empty Twister liner (no Twister bar inside) to determine system cleanliness prior to sample analysis. On a few occasions, the chromatogram of the blank run showed trace amounts of drugs from previous injections. The empty liner injection sometimes had to be repeated before a chromatogram free of any drugs would be obtained. Desorption of an empty Twister liner was also done after any inlet maintenance. Reconditioned Twister bars were randomly desorbed and compared to new Twister bars to monitor their extraction efficiency and check for cleanliness prior to reuse (Figure 1 ). Reconditioned Twister bars did not retain drugs from previous extractions when reconditioned as described. New and reconditioned Twister bars showed typical siloxane peaks from the PDMS phase (Figure 2 ). These did not interfere with drug analysis or identification. Vials containing stir bars were positioned in the center of the stir plate for optimal stirring conditions. Those placed away from the center of the plate "jumped" around in the vial rather than spinning, occasionally causing breakage to the ends of the glass insert encasing the magnetic bar.
Because it was our goal to make as direct a comparison as possible, the sample size and the internal standard amount were matched to the liquid-liquid extraction method. Therefore, a 3-mL aliquot of blood was used to evaluate the Twister's capabilities be- cause subsequent testing would be compared to the liquid-liquid extraction method, which also used a 3-mL aliquot. Several different diluents, including water, saline (pH 5.5), 30% sodium chloride (pH 8.25), and carbonate/bicarbonate buffer (pH 9.6) were evaluated for sample preparation in the Twister method. Of these diluents, the carbonate/bicarbonate buffer gave the best overall results in terms of number of drugs detected and the area response of the target compounds used to evaluate the diluents (Table I) . For the other diluents, Caffeine had the best recovery from deionized water, and Bupropion and Carisoprodal were recovered best from 30% sodium chloride.
Once the diluent was chosen, the extraction time was evaluated at 2, 4, and 16 h (overnight). Again, a number of target drugs were extracted at these different times at room temperature. Although the 2-and 4-h extraction times gave reasonable recovery for most drugs, several drugs, such as caffeine, carisoprodal, olanzapine, and trazadone, had better recovery using the 16-h extraction time. With many drugs to be considered in the drug screen method, the 16-h extraction time was chosen to allow maximum drug absorption along with the convenience of an overnight extraction. The recovery of several drugs was determined in blood which was spiked to a 0.3 mg/L concentration, extracted overnight, and desorbed with the described Twister method. The area response of the extracted drug was compared to the area response of the same amount of drug dried directly onto a Twister bar in a TDU liner that was desorbed in the same manner (Table II) .
To determine the scope of the Twister extraction method, blood was fortified with a number of different basic drugs and extracted with the described method. Each of the drugs was spiked into a 3-mL aliquot of blood at a 1 mg/L concentration. An alphabetical listing of these drugs includes the measured relative retention time for the drug, the calculated Twister recovery, and partition coefficient (Table  III) . The Twister recovery was calculated using the Gerstel Twister Calc software. The software uses a database of partition coefficient (searchable by CAS number) Sertraline (0.14) Sertraline Sertraline Diphenhydramine (0.33) Diphenhydramine Diphenhydramine Acetaminophen (I 3) * (tr) = peak identified by ion seamh with poor chromatography but reasonable library match quality.
and sample volume to predict the recovery of an analyte at equilibrium. Predicting a drug's recovery from its partition coefficient can be a useful tool for method development because it would assist the analyst in choosing which analytes would be likely candidates for Twister extraction. Drugs which exhibit a higher octanot/water (buffer) partition coefficients are more likely to partition into the non-polar PDMS phase from an aqueous solution during the Twister extraction and will have the highest recoveries. As seen in Table III , most drugs with low partition coefficients also had low calculated recoveries and were not detected after Twister extraction. However, several drugs with low calculated recoveries, such as venlafaxine, oxycodone, nicotine, and methylphenidate, were detected. Venlafaxine had a much higher measured recovery (Table II) than the recovery predicted by the partition coefficient.
Postmortem blood samples from previously tested case specimens were extracted with the Twister method and compared to the described liquid-liquid extraction normally used prior to GC-MS analysis. Two GC-MS systems were used for the comparison as described. The total ion chromatograms of sample extracts from both the methods were compared, and the mass spectra of peaks found were searched in the mass spectral database for identification. The qualitative results of each were noted and compared to the reported results for the case samples (Table IV) . The reported results for case samples were recorded after routine toxicological analysis by our laboratory using the typical laboratory methods of GC-NPD, HPLC, FPIA, and GC-MS. Quantitative results for amphetamines (including MDMA and MDA), benzodiazepines, cocaine and metabolites, fentanyl, fluoxetine, methadone (including EDDP), opiates, and PCP were determined by GC-MS using selected ion monitoring. Barbiturates were quantitated by HPLC with UV detection. Acetaminophen was quantitated using fluorescence polarization immunoassay. All other drugs were quantitated using GC-NPD after basic liquid-liquid extraction using butyl chloride. It was concluded that case samples found to be positive for a drug by the liquid-liquid extraction method followed by GC-MS analysis, but negative using the Twister method followed by GC-MS analysis were not readily extracted and/or desorbed by the described Twister method at the concentration found in the sample based on the reported results. Case specimens were chosen based on the availability of sample as well as type and concentration of drug present. A variety of drugs and concentrations were selected when possible. Chromatograms of a case sample extracted by both methods (Figure 3) were typical for a blood extraction. Whereas a solvent delay time of 3.00 min was 
Fluoxetine
Fluoxetine Venlafaxine * (tr) = peak identified by ion search with poor chromatography but reasonable library match quality.
used for the desorption method (to match that used in the liquid-liquid acquisition method), a solvent peak was not seen with desorptions and a more practical solvent delay would be 0.5 min. The liquid-liquid extraction did not include a back extraction, and a significant cholesterol peak was noted in blood and tissue samples extracted by this method. Little, if any, cholesterol was detected in the Twister extractions. Twister extractions compared well with the liquid-liquid extractions followed by GC-MS analysis. Even though the Twister Calc predicted low recovery for drugs such as caffeine and venlafaxine, caffeine recovered well at concentrations of 1 mg/L and higher, and venlafaxine recovered well even at concentrations below 0.1 mg/L. Olanzapine did not recover well below concentrations of 1 rag/L; however, the detectability of olanzapine was greatly improved when a new CIS liner was used. Methamphetamine, nicotine, and bupropion recovered better with the Twister method than with the liquid-liquid extraction method. In addition to blood samples, other sample matrices, such as liver, kidney, brain, bile, urine, vitreous, and gastric contents, were successfully extracted and analyzed using the Twister method (Figures 4-7) .
Conclusions
The Twister extraction method is a viable alternative to liquid-liquid or solidphase extractions for the screening of basic drugs in biological samples. This method eliminates the need for many steps typical of the other extractions, such as transfer steps, sample rotation, centrifugation, and solvent evaporation. It also eliminates the need for the equip- ment and the solvents usually needed for extractions. Twister bars are reusable after reconditioning and do not appear to carryover analytes from previous uses once desorbed and reconditioned. The use of the Twister method for forensic samples would require that each ~vister bar used and reconditioned for reuse be tested in the acquisition method for which it will be used in subsequent extracts to document that it is negative for the analytes being tested. Perhaps a disposable Twister bar could be developed to alleviate this issue 9 It would also be useful in tracking the Twister bars if the magnetic stir bar were embossed with a unique identifier number to record along with the data documenting its use and reuse. Sample size, split ratios, and inlet maintenance will be important evaluations in any method development in order to avoid carryover when using Twister for a particular application. Inlet maintenance will also be necessary to retain reasonable detectability of some analytes. 
